The basic metallographic analysis leads to qualitative interpretation of the structural characteristics of a microstructure, for example the presence of phases, and the description of singularities such as inclu sions. On the contrary, microstructural characterization which implements image analysis leads to a quantified analysis of structural characteristics. A method is described to assess thermal spray deposit microstructures using image analysis by means of a metallographic index. This index is based on the de termination of several stereological and morphological parameters by primary referee to the size-shape distributions of the features, the fractal dimension of the deposit upper surface, and the Euclidean dis tance map of the bodies of interest. This work employs quantitative metallography on a much wider scale to provide better quality control of deposit microstructures.
Introduction
In the materials science field, metallographic analyses are usually accomplished on cross sections because of the opacity of materials. Such metallographic examination is widely used as an analytical tool to characterize microstructures and leads to the qualitative and sometimes semiquantitative knowledge of physical and structural characteristics, such as the presence of a given phase, a typical component, and in the specific case of thermal spray deposits, the porosity level and the fraction of un molten particles. Such information offers little specific quantita tive information to fully describe the microstructure. Usually, the quality and acceptance for a given application of thermal spray deposits are assessed using a "pass or fail" criteria, which is based on several microstructural features, such as the porosity An improper polishing technique that leaves scratches on the surface or produces pullouts and other defects.
Etching techniques that produce only partial delineation of the body boundaries.
The selection of test areas that are not representative of the entire microstructure, especially for oriented (for example, anisotropic) microstructures.
The detection of artificial features generated by the image analysis system (generally due to an excess of contrast or to several gray levels in the same body) or the lack of detec tion of real boundaries (generally due to poor contrast or to the use of an inappropriate etching technique).
• The presence of dust in the microscope, in the camera sys tem, or on the examined field.
• A nonuniform illumination of the sample, which influences the feature detection.
Calibration of the image analysis system is the first step in quantitative analysis. This calibration permits correlation of the pixel area with respect to physical dimensions. Practically, the calibration is accomplished by defining the distance between two noncontinuous pixels. This operation is performed from a digital image of a calibrated scale, digitized following the same rules as those to acquire the digital images of the microstructures to be analyzed.
In this work, image analyses were carried out on a Power 
Definition of the Metallographic Index
Quantitative metallography is based on the fact that for many microstructures it is possible to determine average values and distributions of these values referring to the major components constituting a deposit; for example, grains, flattened particles, In the following, for each descriptor of the metallographic in dex, a brief description of the theoretical background is given, followed by an illustrative example based on the two considered thermal spray deposit microstructures.
Macroscopic Descriptors

Deposit Average Thickness
The thickness is, among the various characteristics of at her mal spray deposit, an important factor in the deposit service per formance and is always exactly specified. Moreover, the deposit 
Deposit Fractal Dimension
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where Lis the profile length, 11 is the measuring element size (for example, resolution), and L0 is a constant. The estimated length of the profile varies proportionally to the measuring element ac cording to a power relationship.
The fractal dimension of Bouligand-Minkowski (overlap
where e is the radius of the overlapping circle andA(e) is the area of the Minkowski sausage (MS) for a given overlapping. lt is ob vious that the area of the MS is accordingly higher than the circle radius (and hence the circle area) is high. Journal of Thermal Spray Technology to I .1 09 at the 340x magnification, indicating a reasonable self similarity of the deposit surface (the smallest dimension differ ing from the highest only by -5% ), and hence its fractal character, in the scanned magnification range. Second, several fields of the same deposit were observed at the same magnifica tion (that is, 112x), and their fractal dimension was determined as illustrated in Fig. 11 . The resulting dimensions are very close:
ranging from 1.095 for the lowest to 1.115 for the highest, indi cating that the selected fields of view were appropriate for the analysis. Finally, the fractal dimensions of the surface profile of several rough titanium deposits of different thicknesses (that is, from approximately 20 to 118 1-1m) were determined at a 112x magnification, as illustrated in Fig. 12 . Figure 13 where cj> is the angle between the normal to the test plane (that is, polished plane) and the z axis, and e is the angle between the pro jection of this normal on the xy plane and the x axis, with respect to a standard Cartesian coordinate system. The total number of ellipsoidal particles in the aggregate is equal to:
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The average axial ratio, q, of the measured ellipses, is then equal to:
where ; and M successively represent the average minor axis and the average mltior axis of the selected distribution of ellip ses. The increment of size class, .!\, is determined:
where mmax is the highest best fitting ellipse minor axis in the largest size class. i=s j=k
where L\ is the size increment, N A (r,s) is the number of ellipses of r shape class and s size class, and p i' and qsj are the size and shape coefficients, respectively. The bivariate distribution of el lipsoidal particles in an aggregate, Nv. can be expressed by the following relationship:
where Pis a size matrix and Q is a shape matrix. The coefficients can be found in Ref31.
The number of size classes, k, is chosen usually between 10 and 15, as well as the number of shape classes, s. The increment of size class, L\, is determined:
where Mmax is the highest best fitting ellipse major axis in the largest class size.
To illustrate the use of stereological protocols, the porosity size distribution of a copper deposit was determined by imple menting the DeHoff protocol for several cross-section angles.
For each cross-section angle, four fields of view were randomly selected at a ll2x magnification. The image processing con As an example, this protocol was applied to digital images of porosity distributed within .a copper deposit for several cross section angles. Figure 22 illustrates two examples of calculated EDMs while Table I ... Distance from boundary in pixels 
Conclusions
Image analysis permits a quantitative description of the mi crostructural information contained within an image. This ap proach is well adapted to the quantification of materials microstructures. In the case of thermal spray deposits, this quan tification can be applied to the major features of a deposit, such as the flattening degree of particles, the proportion of unmolten particles, the porosity, the oxide content.
The use of a metallographic index, determined by imple menting image analysis, is presented. Several macroscopic and structural descriptors, referring to the deposit average thickness, the upper surface fractal dimension, the size-shape distribution of the bodies of interest, and the degree of clustering of these same bodies were described.
